Introduction
The genome of Saccharomyces cerevisiae contains 137 nonclustered genes coding for ribosomal proteins (rp genes) (Mager et al., 1997) . Since 59 genes are duplicated, the rp gene family encodes 78 different ribosomal proteins, 32 of the small and 46 of the large ribosomal subunit. The promoters that regulate these genes are highly efficient: recent data from SAGE analysis (Velculescu et al., 1997) indicate that rp gene transcripts account for ∼20% of the total mRNA content of a rapidly growing yeast cell. Previous promoter analyses indicated that transcription activation of the majority of the yeast rp genes is mediated by the DNA-binding protein Rap1p, a so-called global regulator involved in multiple cellular functions. In addition, transcription of a subset of rp genes is promoted by the global regulator Abf1p (Mager and Planta, 1990) . T-rich elements have been demonstrated to serve as auxiliary elements in reaching the high transcriptional yields of rp gene promoters (Buchman and Kornberg, 1990; Gonçalves et al., 1995) . The actual mechanism of transcription activation, however, and the way in which this process is regulated in response to varying growth conditions, remain to be elucidated.
Rap1p, the major factor binding to rp gene promoters, is an abundant multifunctional protein that is essential for cellular viability. It has strong DNA-bending properties (Vignais and Sentenac, 1989) and it creates a nucleosome-free region by binding to its cognate sites (Devlin et al., 1991) . These data suggest that Rap1p plays a role in organizing the chromatin structure in order to allow gene-specific regulatory proteins access to their binding sites . In addition, Rap1p can recruit other factors, such as the Sir and Rif proteins, by protein-protein interactions, resulting in silencing at the silent mating type loci and telomeres and in telomere length regulation (Conrad et al., 1990; Lustig et al., 1990; Aparicio et al., 1991; Hardy et al., 1992; Kyrion et al., 1992; Moretti et al., 1994; Shore, 1997; Wotton and Shore, 1997) .
Rap1p has been shown to bind to sequences that vary considerably. Several consensus sequences have been published: AACATCYRTRCA (Teem et al., 1984) , RMAYC-CRTRCMYY (Mager, 1988; Planta and Raué, 1988) , RMAC-CCANNCAYY (Buchman et al., 1988) and ACACCCATA-CATTT (Nieuwint et al., 1989) . Mutational analysis of the highaffinity binding site ACACCCATACATTT revealed that each nucleotide in this sequence, except for the underlined position, could be replaced by at least one other nucleotide without significant loss in transcription of a reporter gene (Nieuwint et al., 1989) . Similar results have been obtained from in vitro binding studies using synthetic oligonucleotides (Vignais et al., 1990; Graham and Chambers, 1994) . This makes the identification of a functional Rap1p binding site troublesome, which is further aggravated by the fact that the binding affinity of Rap1p for a particular sequence in vitro does not necessarily reflect its functional efficiency in vivo (Nieuwint et al., 1989) . The latter might be due to post-translational modifications , the presence of neighbouring binding sites or local chromatin structure. In order to define the sequence requirements for Rap1p binding more precisely and, thus, be able to identify functional Rap1p binding sites in rp gene promoters, we developed a computational selection strategy in which non-sequencerelated criteria are incorporated (see also Bucher, 1990) . We started by scanning a database of all rp gene promoters with the low-stringency string AYCCRNNCM and subsequently generated matrices by incorporating additional parameters evolved from this analysis. The matrix we finally obtained contains more information and exhibits more detail than can be deduced from experimental data. This approach sheds new light on Rap1p binding sequences selected from randomized oligonucleotides (Graham and Chambers, 1994) and makes the identification of functional Rap1p binding site in the yeast genome more accurate. The likely upstream activation sequences in rp gene promoters are presented and it is concluded that duplicate Rap1p sites are typical for these promoters. The spacing between tandemly arranged Rap1p sites in rp gene promoters is shown to be confined to a small window of ∼12 bp, which differs strongly from the spacing in multiple Rap1p sites found in (sub)telomeric repeat sequences.
Materials and methods
A total of 137 rp gene sequences, spanning from 600 bp upstream to 100 bp downstream from the ATG, were obtained from the Saccharomyces Genome Database (SGD) to generate an rp gene promoter database. For a few rp genes which have been shown to contain an intron in the leader sequence (Planta and Mager, 1998) or for which intron-specific sequences were detected in the leader, the promoter was represented by a sequence from 600 bp upstream to 100 bp downstream of the 5′-splice site. The sequence of the yeast genome was obtained from SGD by anonymous FTP.
A computational search strategy was designed, based on the idea that sequence information about the sequence requirements of a particular DNA-binding protein can be obtained by selection using sequence-unrelated parameters. From a group of binding sites that show similarity to the consensus binding site, certain binding sites can be selected that can be expected to be biologically functional according to the position with respect to other landmarks in the sequence.
For matrix analyses, the freeware programs MatInd and MatInspector (Quandt et al., 1995) were used. MatInd generates, from DNA sequences or matrices, specific nucleotide distribution matrices for subsequent use as input file for the program MatInspector. The latter program performs the actual matrix search. In the matrix library of MatInspector, a Rap1p matrix (RAP_C) is included. However, this matrix exhibits five nucleotide positions, corresponding to 4A, 5C, 6C, 7C and 8A in Figure 1 , which have a maximum score of 100%. Since these high scores are not all expected from experimental data and not consistent with all consensus sequences (see Introduction), the RAP_C matrix was only used for comparison (see Results and discussion).
Defining the threshold at which the rp database should be searched with the MR2 matrix, use was made of a random sequence file with the same nucleotide composition as the rp database, A and T = 31%, G and C = 19%, which was obtained using the Random Sequence Generator (http://copan.cifn.unam.mx/∼yeast).
As shown in Table 1 , we also tried to define the putative binding sites for Abf1p and Reb1p, using the consensus sequences RTMRYB(N 4 )ACG for Abf1p and CGGGTARNNR for Reb1p (Remacle and Holmberg, 1992) . For Abf1p, we chose not to use previously published matrices (Quandt et al., 1995) , because the 5′ part of the consensus sequence RTCRYB(N 4 )ACG has been shown to be inconsistent with the binding sites that have been shown to bind Abf1p in vivo, viz. sequences containing either RTAR (Della Seta et al., 1990; Kraakman et al., 1991) or even RGCR (Biswas and Biswas, 1990; Einerhand et al., 1995) (M.de Boer, unpublished data from this laboratory). Consequently, it is expected that more Abf1p binding sites may be found in rp gene promoters by computational analysis when the binding characteristics of Abf1p, and also of Reb1p, are investigated more thoroughly. Fig. 1 . The computational selection strategy which has been followed. Each panel represents a matrix. Starting with the AYCCRNNCM strin g, the 14 bp MR1 matrix was created by selecting for a distance and orientation that was found to be preferred in duplicate Rap1p sites. In order to decrease the influence of the first string search (100% scores at the MR1), seven MR1-derived matrices were created and equalized at the respective positions. After scanning the rp database, 129 matches to these matrices were obtained and used to generate matrix MR2. Values are percentages. Sequence preferences with strong conservation are indicated in bold.
Results and discussion

The binding specificity of Rap1p as determined by matrix analysis
In order to define the sequence requirements of a functional Rap1p binding site more precisely, we constructed a database of rp gene promoter regions, using the complete sequence of the S.cerevisiae genome. This database, encompassing 137 sequences, was then scanned using the lowstringency consensus string AYCCRNNCM for a Rap1p site. A total of 204 matches was found. These potential Rap1p binding sites predominantly occur within a distance of 200-500 bp upstream from the translational start codon ATG. Furthermore, a large portion is arranged in tandem: 51% of the sites identified are part of a duplicate set separated by an arbitrarily chosen distance of <50 bp between the upstream ends of the two members. Surprisingly, the duplicate sites that obey this criterion show a strong bias in their spacing: in 85% of the cases, the separation is 15-26 bp. Moreover, there also is a preferred orientation of the two sites: in 70% of the cases, the two sites are oriented 5′ to 3′. Although at present the biological significance of these preferences is unknown, it is obvious that they can be used as additional selection criteria in a computational analysis aimed at a more precise definition of functional Rap1p binding sites. In order to generate a nucleotide distribution matrix that may better reflect the nucleotide requirements of Rap1p, we followed the strategy that is depicted in Figure 1 . First, 62 sites from the above-mentioned string search, that fulfil the criteria of spacing and orientation, were selected. From these sites, a 14 bp matrix was constructed, denoted as MR1, which represents the strongest preferences having an extra nucleotide position on either side. In order to decrease the influence of the first string search, seven additional matrices were generated, in which the nucleotide distribution at each of the seven positions biased by the AYCCRNNCM string, was randomized (see Figure 1) . All MR1-derived matrices and MR1 itself were used to scan the rp database (threshold = 0.85) and 129 matches were selected using the additional criteria of 5′-3′ tandem orientation and a distance of 15-26 bp. From these sequences, the final matrix, MR2, shown in Figure 1 , was generated. As can be seen, the MR2 matrix shows only minor deviations from MR1 at the positions where the latter has a 100% score (4A, 6C, 7C and 11C). This indicates that the AYCCRNNCM string, on which the original search was based, already exhibits a high specificity for Rap1p binding sites. Nevertheless, the mismatches that seem to be allowed at these positions are mainly confined to particular nucleotides (4A=>C 5%, 7C=>T 9% and 11C=>A 5%), which have been shown to be allowed according to in vivo analysis (Nieuwint et al., 1989 ; see hereafter). These observations not only underline that the MR2 matrix better reflects the nucleotide requirements of Rap1p than MR1, but also indicate that the number of false-positive sites that are incorporated in the matrix is small. In fact, 6C, which has been shown experimentally to be the only position at which no mismatch is allowed (Nieuwint et al., 1989; Vignais et al., 1990) , is present in 98% of the binding sites that were used to generate the MR2 matrix.
In retrospect, the MR2 matrix was compared with the existing Rap1p matrix RAP_C (Quandt et al., 1995) , which we decided not to use (see Materials and methods). In this matrix, a core region is present in which five nucleotide positions (4A, 5C, 6C, 7C and 8A) have a maximum score of 100%. The MR2 matrix displays a higher variability at these nucleotide positions (Figure 1) . Although the nucleotide positions in MR2 are 'weaker', the matrix is more specific for Rap1p binding, as can be observed from experimental data (see hereafter). Further, in almost all other nucleotide positions, 5′ and 3′ of the mentioned region, the MR2 matrix is actually 'stronger', exhibiting higher scores (2A 59=>74%; 3C 46=>69%, 9T 62=>70%, 10A 80=>90%, 12A 77=>89% and 13T 48=>74%) and better conservations [higher Ci value (Quandt et al., 1995) , not shown] than the RAP_C matrix. This finding indicates that Rap1p sites which are incorporated in the MR2 matrix compensate for mismatches in the core region (position 4-8) by increased specificity at the flanking regions. This is, in fact, the advantage of our approach, since the strategy not only results in incorporation of information in the matrix concerning the tolerance for mismatches at certain nucleotide positions, but also captures compensating specificities at other nucleotide positions.
The specificity of the MR2 matrix is in agreement with in vivo and in vitro data
In general, the sequence preferences shown by matrix MR2 are in agreement with in vivo data from previous analysis in our laboratory (Nieuwint et al., 1989) showing that each of the nucleotides of the Rap1p binding sequence ACACCCA-TACATTT can be replaced by one or more other nucleotides, with the exception of 6C. Of the five substitutions that were found to abolish transcription of the reporter gene, four do not, or only marginally, occur in the matrix (4A=>T 1%, 6C=>T 0%, 6C=>G 0%, 7C=>G 1%), whereas substitution 7C=>A is found in 3% of the sites used to generate the MR2 matrix. We do not know whether the latter sites do indeed function as Rap1p binding sites in vivo or whether they should be considered as false positives. On the other hand, the majority of nucleotide replacements that still support wild-type transcription levels are also found in (a minority of) the sites that were used to create the MR2 matrix (4A=>G 1%, 4A=>C 5%, 5C=>T 50%, 7C=>T 9%, 8R=>C 1%, 11C=>A 5%, 11C=>T 2%, 12A=>T 2% and 12A=>C 9%). Thus, the MR2 matrix indicates a higher sequence specificity than was deduced from mutational analysis. Probably, this is due to the fact that individual Rap1p sites in rp gene promoters generally have more than one deviation from the consensus sequence, and hence require more 'preferred nucleotides' at the stringent threshold used, than the high-affinity (Vignais et al., 1990) Rap1p binding sequence ACACCCA-TACATTT in which the nucleotide substitutions have been made.
Data from in vitro binding of Rap1p (Vignais et al., 1990 ) are also in agreement with the nucleotide distribution (data not shown), although we believe the in vivo function of Rap1p at promoter regions to be more reliable for this analysis.
The sequences WACAYC and TACATY in the 5′ and 3′ part of the consensus sequence established by the MR2 matrix (Figure 1) , respectively, show a strong similarity. This is consistent with the finding that the DNA-binding domain of Rap1p contains two structurally similar and tandemly oriented subdomains, i.e. subdomain 1 and 2, which recognize the same sequence in telomeric repeats (König et al., 1998) . It could be speculated that the linker between subdomain 1 and 2 allows a larger spacing between the two protein subdomains, which would result in binding of Rap1p when 1 bp is inserted between the recognition sequences of the subdomains. In this respect, it would be expected that more Rap1p sites can be found when an equally distributed nucleotide position is inserted between position 8R and 9T of the MR2 matrix. However, scanning the rp gene promoter database with this MR2-derived matrix at a threshold of 0.85, only a small number of 11 matches were found, of which the vast majority correlate to sites that are found with the MR2 matrix itself. Similar results are obtained by deleting nucleotide position 8R, corresponding to a gap between the sequence repeats. Thus, these data again suggest that the MR2 matrix represents the binding requirements of Rap1p, in which no gap or bulge is allowed.
We believe that the MR2 matrix represents the in vivo sequence requirements for binding of Rap1p, on the basis of: (i) the large number of sequences in rp gene promoters that show a strong similarity to the consensus established by this matrix; (ii) the fact that the sites have been selected for Rap1p-specific parameters not related to DNA-sequence, a preferred tandem orientation and a preferred 15-26 bp spacing; (iii) the finding that the preferences represented by the MR2 matrix are consistent with in vivo and in vitro mutational analyses; (iv) the fact that we do not find any indication that the matrix should allow for a gap or a bulge between the subsequences recognized by subdomain 1 and 2.
Redefining Rap1p binding sites in oligonucleotides selected from a randomized oligonucleotide pool for their ability to bind Rap1p in vitro
The prime data that can be used to validate the obtained matrix come from a study in which 47 sequences have been selected from a pool of random oligonucleotides by their ability to bind Rap1p in vitro (Graham and Chambers, 1994) . In order to fit the sequences to the consensus sequence RMACCCANNCAYY, 1-5 mismatches had to be allowed and gaps and bulges needed to be introduced. When the Rap1p-interacting oligonucleotides were subjected to Matrix analysis using the MR2 matrix, to our surprise a number of matches were found, the core of which corresponds to the ATCC sequence of the BamHI site flanking the oligonucleotides. When the oligonucleotides were aligned with respect to the BamHI site (Figure 2 ), they could be subdivided into four groups, three of which show a strong homology at the first five positions of the randomized oligonucleotides. The 3′ consensus sequences found are either RBACA, GTGCA or RCCCA. Apparently, the fourth and fifth nucleotides in these three groups are in nearly all cases C and A, which corresponds to the strong preferences revealed by the nucleotide position 11C (94%) and 12A (89%) in the MR2 matrix, respectively (see Figure 1) . Group 1 and 2 not only show considerable homology to the preferences (positions 8-12) of the MR2 matrix, but in addition display preferences for Cs downstream to the homologous sequences. Although these preferred nucleotides show a moderate bias in the MR2 matrix (13C 19% and 14C 26%), this observation is nevertheless not surprising, since Cs at these positions are also found in telomeric repeat sequences. Group 3 has the lowest score in a search using the MR2 matrix (0.71). Since the BamHIlinked consensus RCCCA of this group also corresponds to the core sequence AYCCR of the MR2 matrix, it is suggested that two low-affinity binding sites in the same orientation, which are overlapping and therefore mutually exclusive, could result in an overall high-affinity binding sequence. This latter insight is supported by recent data from Stormo and Fields (1998) . Group 4 consists of 10 oligonucleotides without an homologous region adjacent to the BamHI site. In these oligonucleotides, however, an ACCC core is present. Since in six of the 10 oligonucleotides this core corresponds to a match with the MR2 matrix (threshold = 0.75), these motifs are thought to be responsible for Rap1p binding. Finally, in five oligonucleotides, no match to the MR2 matrix could be found, not even at a low threshold of 0.65. Since two of these oligonucleotides could not bind Rap1p in vitro (Graham and Chambers, 1994) , all five nucleotides are considered as non-binders.
In summary, it seems that the selection procedure used by Graham et al. in fact reflects an optimization of the 3′-recognition sequence for Rap1p binding. This new insight strongly suggests that Rap1p binding requires a higher specificity than could be deduced from the alignment made by the respective authors.
Defining Rap1p sites in rp gene promoters by a search with the MR2 matrix
Using matrix MR2, which represents the sequence requirements for Rap1p binding, we wished to define all putative Rap1p binding sites in the rp database. Since at a threshold of 0.82 the increase in matches in the rp database is still higher than the increase in the random sequence file (see Materials and methods), it indicates that at least up to this threshold the MR2 matrix recognizes Rap1p binding sites specifically. Therefore, the database was scanned using the MR2 matrix at a threshold of 0.82.
In the rp database, 222 Rap1p sites were found with the MR2 matrix at this threshold: 17 rp genes, no Rap1p site; 37 rp genes, one site; 68 rp genes, two sites; 12 rp genes, three sites; two rp genes, four sites; one rp gene, five sites. These Rap1p sites with their orientation and distance from the translational start ATG are listed in Table 1 . A number of the obtained sites have been experimentally shown to bind Rap1p in vitro [Raué and Planta (1991) and references therein].
As is shown in Table 1 , we also tried to define the putative binding sites for Abf1p and Reb1p, using the consensus sequences RTMRYB(N 4 )ACG for Abf1p and CGGGTARNNR for Reb1p (Remacle and Holmberg, 1992) , respectively. Graham and Chambers (1994) aligned relative to the BamHI restriction site. The sequences represent 47 clones that were obtained from a pool of double-stranded oligonucleotides which were randomized over a region of 13 nucleotides and were selected for the ability to bind Rap1p in vitro using the SAAB procedure. The BamHI and BglII restriction sites were added according to the sequences published (the restriction sites in N13.31 could not be deduced). For groups 1-3, which contain homologous sequences 3′ to the BamHI core atcc, the first five nucleotides of the randomized nucleotides are displayed beneath each group together with a mean matrix similarity score. Additional matches to the MR2 matrix having a matrix similarity score of >0.75 are underlined with the respective scores displayed at the right side. (+) indicates sequences that have been shown to bind Rap1p in vitro and (-) indicates sequences not able to bind Rap1p in vitro. Seventeen rp genes were found to have no match to MR2 (threshold = 0.82). Inspection of these sequences revealed five rp genes that contain missed single or duplicate Rap1p sites which are expected to be biologically functional (see Figure 3 ). Hence, 11 rp genes are presumed to be not regulated by Rap1p. Of these genes, eight were found to contain a single Abf1p binding site. Generally, all these sites contain an ACGCA motif of yet unknown function, in addition to a T-rich region with which Abf1p has been shown to function synergistically . Further, one gene was found to harbour a single Reb1p binding site, whereas for four rp genes we could not define the UAS according to the criteria used, but which might be regulated by non-consensus Reb1p, Rap1p or Abf1p binding sites (see Figure 3) .
Fig. 2. Sequences as published by
We propose that the listed sites in Table 1 and Figure 3 reflect the UASs of rp gene promoters.
Duplicate Rap1p sites in the yeast genome
Because the presence of duplicate Rap1p sites in the rp gene promoters is very pronounced, and since many genes other than rp genes are regulated by Rap1p, viz. glycolytic genes Scott and Baker, 1993) , it is interesting to analyse whether more genes or classes of genes may be regulated by a duplicate Rap1p site. The whole genome was searched for putative functional duplicate Rap1p sites by selecting for matches to the MR2 matrix (threshold = 0.82) having a distance of 15-26 bp.
In addition to (sub)telomeric sequences and the 56 duplicate Rap1p sites with a distance of 15-26 bp that can be assigned to 57 rp genes (see Table 1 ), only four other promoters were found to contain a duplicate Rap1p site. In fact, one of these genes was found to be an rp gene which was missed in the previous analysis because it is likely to contain an intron in its leader (an intron-specific TACTAAC motif at -26 from the ATG). Two other genes that have been found in this search are TEF2, encoding translation elongation factor 2, and PMA1, encoding the major isoform of the proton-trans- porting P-type ATPases. Both genes have indeed shown to be regulated by Rap1p (Huet and Sentenac, 1987; Vignais et al., 1990; Rao et al., 1993) . Finally, one other promoter contains a duplicate Rap1p site. Whether this duplicate set is involved in the regulation of these genes is, to our knowledge, not known. In conclusion, duplicate Rap1p sites apparently are typical for rp gene promoters.
The MR2 search on genomic DNA (threshold = 0.82) revealed telomeric and subtelomeric stretches of Rap1p sites of which the vast majority match the sequence CACAC-CCACACACC/A (score = 0.89). This supports the conclusion of Gilson et al. (1993) , who have shown that sites that are both reactive to KMnO 4 -and protected from DNase I coincide strongly with the mentioned telomeric Rap1p binding site. This suggests that this is the main Rap1p binding site in (sub)telomeric tracts. In the same study, an additional site having the sequence CACACCCACACCAC was identified. The fact that this site has a lower affinity for Rap1p and is less protected from DNase I is in agreement with its lower degree of similarity to the MR2 matrix (score = 0.78).
Using a threshold of 0.82 and excluding the incomplete (sub)telomeric sequences in the database, we found a total of 3569 Rap1p sites in the yeast genome. The number of Rap1p molecules per haploid cell has been estimated at ∼4000-5500 (Buchman et al., 1988; Gilson et al., 1993) and telomeric sequences have been estimated to bind a minimum of 600 molecules (Gilson et al., 1993) . These estimations indicate that the vast majority of Rap1p molecules may be DNA bound or that the Rap1p sites found are not occupied continuously. Figure 4A shows the distances of duplicate Rap1p sites (≤50 bp) found in the rp gene database search using the MR2 matrix (threshold = 0.82). As has been discussed for the matches found with the AYCCRNNCM string, such duplicate sites show a strong preference for a tandem 5′-3′ orientation and a 15-26 bp spacing. Thus, when Rap1p binding sites are found in duplicate, they are in close proximity to each other. From Figure 4 , however, it is evident that the distances are not distributed evenly. The distribution seems to be phased, with maxima at 17 and 25 bp, and a minimum at 22 bp. Both the close distance between binding sites and the apparent phasing are notably similar to the action of Rap1p and Gcr1p binding sites in glycolytic genes. Drazinic et al. (1996) have shown that a Gcr1p binding site should be in close proximity to a Rap1p binding site in order to sustain high transcriptional yields of a reporter gene and to ascertain the in vivo occupancy of the Gcr1p binding site. Furthermore, a strong effect of the phasing between a Rap1p and a Gcr1p binding site was reported. From these observations, it has been proposed that Rap1p facilitates binding of Gcr1p by either protein-protein interactions between Rap1p and Gcr1p or by increasing the affinity of the Gcr1p binding site for Gcr1p due to Rap1p-induced bending of DNA (Drazinic et al., 1996) . The same mechanism could explain the distance and phasing dependency between duplicate Rap1p sites in rp gene promoters. The former model would imply that Rap1p interacts with itself, but to our knowledge, this has never been shown. Nevertheless, the distance distribution in Figure 4A is likely to reflect co-operativity in binding, which is further supported by the observation that two Rap1p binding sites activate transcription synergistically (Woudt et al., 1986) . It has been shown that binding co-operativity is of minor importance in telomeric DNA (Gilson et al., 1993) . This is consistent with the finding that the distance distribution of Rap1p sites in telomeric DNA is remarkably different from the distribution in rp gene promoters (see Figure  4B ). The preferred spacing of 13 bp in (sub)telomeric sequences may result from competition between telomere length increase-by telomerase activity-and telomere degradation. A distance of 13 bp therefore probably reflects the minimal distance which stably binds an additional Rap1p molecule, increasing the protection of newly formed DNA against degradation.
The distance constraint of multiple Rap1p sites in rp gene promoters and (sub)telomeric sequences
In conclusion, we propose that the distance distribution of duplicate Rap1p sites in rp gene promoters reflects the borders within which binding co-operativity operates. Fig. 4 . Distances between the matches to the MR2 matrix (threshold = 0.82) as were found in multiple Rap1p sites in (A) rp gene promoters or (B) telomeric sequences as obtained from the genome search. In rp gene promoters, two triplicate Rap1p sites with distances of 8 + 8 and 8 + 4 were counted as duplicate Rap1p sites with distances of 16 and 12 bp, respectively. In (sub)telomeric sequences, 8 and 10 bp distances were isolated and could therefore not be added.
